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ABSTRACT 
A pro to type  i n f r a r e d  r a d i a t i o n  (IR) feedback c o n t r o l  system f o r  t h e  
microweld process  has  been developed a t  t h e  Mart in  Marietta Corporat ion,  
Orlando Divis ion  as a r e s u l t  of t h e  work on t h i s  program. 
of applying feedback c o n t r o l  t o  t h e  microwelding process  has  been demon- 
s t r a t e d .  
The f e a s i b i l i t y  
A l a b o r a t o r y  model of t h e  c o n t r o l  system w a s  breadboarded and numerous 
welds were made. 
wide f l u c t u a t i o n s  i n  power supply energy s e t t i n g  had small e f f e c t s  on t h e  
p u l l  s t r e n g t h  of welds. 
The system demonstrated t h a t  w i t h i n  i t s  c o n t r o l  range 
The system is  p i c t u r e d  i n  F igure  A. The modi f ica t ions  necessary  t o  t h e  
power supply are simple and can be b u i l t  as a c c b o l t - o n ”  u n i t  a t  t h e  rear 
of t h e  supply. 
- - -. - . 
Figure  A .  Complete Feedback System 
i x  
I. INTRODUCTION 
I n  today’s m i s s i l e  systems,  e l e c t r o n i c  c i r c u i t s  are requ i r ed  t o  wi th-  
s t a n d  severe environmental  exposure. I n  a d d i t i o n ,  t h e s e  systems have t o  be  
h igh ly  r e l i a b l e .  Component r e l i a b i l i t y  can be achieved by 100 percent  test- 
i n g  i f  necessa ry  o r  by s e l e c t i v e  purchasing,  b u t  component l e a d  in te rconnec-  
t i o n s  are ano the r  matter. 
in t e rconnec t ions  by t h e  environment n e c e s s i t a t e  t h e i r  be ing  j o i n e d  by weld- 
ing ,  a process  i n  which r e l i a b i l i t y  is assumed by c o r r e l a t i o n  and v e r i f i e d  
by d e s t r u c t i v e  t e s t i n g  . 
I n  many cases t h e  c o n s t r a i n t s  imposed on t h e s e  
With t h e  advent  of quantum i n f r a r e d  d e t e c t o r s ,  it i s  p o s s i b l e  t o  use 
nondes t ruc t ive  t e s t i n g  (NDT) techniques f o r  i n -p rocess  monitor ing (Refer- 
ence 1). 
feedback c o n t r o l  of t h e  weld process  a 
The nex t  l o g i c a l  ex tens ion  of t h e s e  techniques  is  c losed  loop 
This  s tudy  w a s  designed t o  improve t h e  r e l i a b i l i t y  of microwelding by 
demonstrat ing t h e  e f f e c t i v e  use of feedback c o n t r o l s  t o  remove t h e  i n f l u -  




The system as developed i s  shown i n  diagram on Figure 1. The fol lowing 
d iscuss ion  w i l l  treat t h e  va r ious  subsystems, t h a t  make up t h e  t o t a l  system, 
sepa ra t e ly .  
c 
f2 t v --T- I 
1 \\ 
I 
Figure 1 .  Block Diagram Complete System 
A. THE SENSOR SUBSYSTEM 
I n  any closed loop ope ra t ion ,  t h e  q u a n t i t y  being measured must t r u l y  be 
r e p r e s e n t a t i v e  of t he  phys ica l  process  involved. I n  add i t ion  t h i s  measured 
v a r i a b l e  must be most a f f e c t e d  by whatever c o n t r o l  a c t i o n  i s  taken. I n  any 
photoconductive device ,  t he  output  v a r i e s  p ropor t iona te ly  t o  t h e  r ad ian t  en-  
ergy seen by the  a c t i v e  element. A p r a c t i c a l  consequence of t h i s  s i t u a t i o n  
i s  t h a t  source area v a r i a t i o n s  appear as changes i n  temperature .  C lea r ly  
t h i s  i s  unacceptable .  
However, i f  two a c t i v e  elements were t o  be used, each looking a t  a d i f -  
f e r e n t  p o r t i o n  of t he  spectrum, then  t h e  r a t i o  between t h e  ou tpu t s  would be 
i n s e n s i t i v e  t o  v a r i a t i o n s  i n  source area (see  Equation 6 i n  Appendix I ) .  
Furthermore, t he  a c t u a l  va lue  of t h i s  r a t i o  i s  a measure of t h e  temperature  
of t h e  device under observa t ion .  
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A two wavelength sensor  w a s  developed (Figure 2 )  a long  t h e  l i n e  p re sen ted  
above. It has  been demonstrated i n  t h e  l a b o r a t o r y  t h a t  t h e  r a t i o  between t h e  
d e t e c t o r  ou tpu t s  i s  independent of source area. 
10 Volt 
15V 
B e a m  
Splitter and Filter 
Figure  2. Sensor Subsystem 
The f i l t e r s  incorpora ted  i n t o  t h e  two wavelength sensor  have band passes  
of 2.84 t o  2.97 micron and 2.02 t o  2.13 micron (10-4 cm). 
t i o n  c h a r t  i s  p resen ted  i n  F igure  3. These f i l t e r s  are of t h e  r e f l e c t i n g  
r a t h e r  than  t h e  absorbing type ,  which al lows t h e  use  of one of  t h e  f i l t e r s  
as a beam s p l i t t e r  (see Figure  2 ) .  
A t y p i c a l  c a l i b r a -  
F igures  4 and 5 show t h e  two wavelength sensor  subsystem mounted and 
viewing t h e  weld process .  
I n  a d d i t i o n  t o  des igning  a senso r  system one must a l s o  determine where 
t h e  p rope r  viewing p o i n t  f o r  t h e  weld i s ,  That i s ,  t h e  more IR energy t h a t  
can be c o l l e c t e d  on t h e  active elements of t h e  d e t e c t o r s ,  t h e  less s t r i n g e n t  
become t h e  a m p l i f i e r  requirements.  
A p h o t o / o p t i c a l  technique w a s  devised t o  f u l l y  see t h e  r a d i a t i o n  p a t -  
t e r n s  emi t ted  dur ing  a weld. The system t h a t  emerged is  shown i n  Figure 6 
and t y p i c a l  r e s u l t s  are shown i n  Figure  7. The technique involved b u i l d i n g  
a c 6 b i r d c a g e g ’  around the  weld area, The cage w a s  used t o  support  I R  s e n s i -  
t ive  f i lm .  The f i l m  w a s  exposed by t h e  energy r e l e a s e d  dur ing  a weld. 
The s i n u s o i d a l  p a t t e r n  shown is expla ined  by t h e  presence  of shadows pro-  
duced by t h e  c r o s s  wires be ing  welded. 
The shape of  t h e  r a d i a t i o n  p a t t e r n  d i c t a t e s  t h e  senso r  p o s i t i o n .  That 
is ,  t h e  senso r  should be so placed t h a t  i t  observes  t h e  area between two of 
t h e  shadows. 
Once r a d i a t i o n  p a t t e r n s  were known and t h e  optimum senso r  p o s i t i o n  d e t e r -  
mined t h e  senso r  could be i n s t a l l e d  on t h e  weld supply.  
4 
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Figure 3. Typical Ratio Unit Output 
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Figure 4 .  Two Wavelength Sensor 






Figure 7. Sinusoidal Pattern 
6 
The sensor  subsystem e l e c t r o n i c s  posed q u i t e  a problem, We d e a l  with such 
small s i g n a l s  from t h e  d e t e c t o r s ,  t h a t  h igh  ga in  a m p l i f i e r s  are necessary .  
The above c o n s t r a i n t s  r e q u i r e  t h a t  t h e  a m p l i f i e r s  be phys ica l ly  i s o l a t e d  
and enclosed each i n  i t s  own mu-metal s h i e l d .  
This  approach y i e lded  several s i g n i f i c a n t  b e n e f i t s :  
1 Noise w a s  reduced t o  a t o l e r a b l e  level - 
2 Cross - t a lk  between sensor  s i g n a l s  was a l l  bu t  e l imina ted .  - 
The r eade r  is  r e f e r r e d  t o  Appendix 11, P a r t  A f o r  a d e t a i l e d  explana t ion  
of t h e  c i r c u i t r y  i n  t h e  r a t i o  u n i t .  It s u f f i c e s  a t  t h i s  po in t  t o  res ta te  
equat ion  4 i n  Appendix 11: 
sl* 
s2* 
Ra t io  = x = -- 
-5 where T = t i m e  cons t an t  = 10 s. 
The above simply states t h a t  t h e  r a t i o  of t h e  two sensor  ou tpu t s  i s  equal  
t o  S,* div ided  by S2* with  some f i l t e r i n g .  
B. CONTROL ELECTRONICS 
For t h e  purpose of demonstrat ing f e a s i b i l i t y  of t h i s  system a p ropor t iona l  
c o n t r o l l e r  w a s  b u i l d  and i s  shown i n  F igure  8. 
To 
Power 
M o d u l a t o r  
SUPP 1Y 
Ratio O u t p u t  
1 OOK 
- 1 5 V  
F igure  8. Cont ro l  E lec t ron ic s  
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The above dev ice  serves t o  provide  a s i g n a l  which is p ropor t iona l  t o  t h e  
d i f f e r e n c e  between an a d j u s t a b l e  r e fe rence  and t h e  output  of t h e  r a t i o  u n i t .  
Two problems were encountered i n  t h e  c o n t r o l l e r  worthy of no te :  
- 1 The a d j u s t a b l e  r e f e r e n c e  had t o  be switched i n  and out  a t  t h e  proper  
t i m e s ,  s i n c e  without  switching t h e  r e f e r e n c e  would D c  b i a s  t h e  con- 
t r o l l e r  and n o t  provide  t h e  d e s i r e d  e r r o r  s i g n a l .  
g raph ica l  explana t ion  which shows how t h e s e  s i g n a l s  are t i m e  o r i e n t e d .  
See F igure  9 f o r  a 
Case @ Set Point 
No Reference to Switching 
Consequently the set point 
signal sets as a dc bias 
Time --QC 
- I - - -  Time ----gs 

















2 Because of t h e  b a s i c  duty  cyc le  o s c i l l a t o r ,  i t  was found t h a t  t h e  re- 
l a t i o n s h i p  between c o n t r o l l e r  ou tput  and duty  cyc le  i n  t h e  power sup- 
p l y  w a s  no t  a s t r a i g h t  l i ne  func t ion .  
several diodes were added t o  t h e  las t  s t a g e  i n  t h e  c o n t r o l l e r .  It w a s  
f e l t  t h a t  t h e  d iode  n o n l i n e a r i t y  would help.  The l i n e a r i t y  is  b e t t e r  
wi th  t h e  diodes ( see  Figure 10) b u t  c l e a r l y  more work i s  needed i n  t h i s  
area. 
- 
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Figure  10. C o n t r o l l e r  Output With Duty Cycle 
An overview of t h e  breadboard c o n t r o l l e r  i s  shown i n  F igure  12. 
C.  POWER SUPPLY MODULATOR 
Before t o t a l  c losed  loop ope ra t ion  could be  achieved, some method f o r  
modulating t h e  energy a v a i l a b l e  a t  t h e  weld e l e c t r o d e s  had t o  be devised. 
Of t h e  several methods considered i t  w a s  decided t o  swi tch  t h e  power supply 
capac i to r  bank i n  and ou t  a t  a f i x e d  frequency and t o  vary  t h e  duty  cyc le  
( i n  t i m e  ve r sus  ou t  t i m e )  of that  frequency. F igure  11 p r e s e n t s  t y p i c a l  re- 
s u l t s ,  ope ra t ing  t h e  power supply open loop. 
The power supply monitor is  shown i n  Figure  13. A d e t a i l e d  exp lana t ion  
of t h e  working of t h e  modulator and t h e  modi f ica t ion  necessary  t o  the power 
supply is  given i n  Appendix 3 .  
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Channel 1 (Upper Trace) V e r t i c a l  Sca le  - 0.1 Volt/CM 
Channel 2 (Lower Trace) V e r t i c a l  Sca le  - 1.0 Volt/CM 
The upper t r a c e  i s  taken across  a shunt in t h e  secondary of t h e  weld trans- 
former. Photo N o .  1 shows the  chopped weld pulse  wi th  no e r r o r  s i g n a l .  The 
lower t r a c e  i n  Photos 2 and 3 i s  a simulated e r r o r  s i g n a l  demanding more o r  
less energy a t  the  weld j o i n t  as determined by t h e  r a t i o  of change i n  s i g n a l  
from t h e  two I R  sensors .  Photo No. 4 shows t h e  weld pulse  modulated by a 
100 Hz Sine wave e r r o r  s i g n a l .  The lower t r a c e  i s  t h e  r e s u l t a n t  duty cycle .  
1 .  Time Base - 5 Msec/CM 3 .  Time  Base - 10 Msec/CM 
2 .  T i m e  Base - 5 Msec/CM 4 ,  T i m e  Base - 5 Msec/CM 
F igure  1 1 .  Power Supply Operation 
F igure  12 .  Breadboarded C o n t r o l l e r  F igure  13. Breadboarded Modulator 
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D. INVESTIGATION AND RESULTS 
Once t h e  c o n t r o l  system had been developed, w e  could i n v e s t i g a t e  t h e  i n t e r -  
p lay  between such parameters as modulation frequency, du ty  cyc le ,  power supply 
watt/second s e t t i n g  and p u l l  s t r e n g t h  of t h e  weld. 
Cons iderable  system d a t a  was taken ,  both open loop and c losed  loop. 
Open loop d a t a  was taken  by f i x i n g  t h e  duty  c y c l e  and t h e  modulation f r e -  
quency and making welds a t  v a r i o u s  power supply s e t t i n g s  s t a r t i n g  a t  8 w a t t /  
seconds and con t inu ing  u n t i l  expuls ion  occurred. The p u l l  s t r e n g t h  of these 
welds were recorded and p l o t t e d .  
t aken  aga in .  Table I p r e s e n t s  t h e  p o i n t s  a t  which d a t a  w a s  taken. 
Next t h e  duty  c y c l e  w a s  changed and t h e  d a t a  
TABLE 1 
Open Loop Data P o i n t s  
The d a t a  set taken  f o r  a t y p i c a l  case (250 Hz) i s  p resen ted  i n  F igu res  
14 ,  15, 16. It should be  noted t h a t  a t  t h i s  frequency (250 Hz) a 10 pe rcen t  
duty cyc le  produced a r a t i o  which w a s  a series of d i s t i n c t  pu l se s .  It be- 
comes open t o  ques t ion  as t o  how t o  treat t h e  d a t a ,  a l though no adve r se  e f -  
f e c t s  on t h e  sample welds w e r e  observed. A condensation of t h e  t y p i c a l  case 
p l o t s  i s  shown on Figure  1 7 .  
Closed loop d a t a  w a s  t aken  by f i x i n g  t h e  modulation frequency and ze ro  
c o n t r o l  du ty  cyc le .  Welds were made a t  several power supply s e t t i n g s  and 
va r ious  r e f e r e n c e  tempera ture  s e t t i n g s .  The p u l l  s t r e n g t h  of t h e s e  welds 
were recorded and p l o t t e d .  Typica l  case d a t a  i s  p resen ted  i n  F igu re  18. 
The c losed  loop behavior  of t h e  system w a s  recorded  on a s t o r a g e  os-  
c i l l o s c o p e  and p i c t u r e s  taken. (See F igure  19) .  
I n  o rde r  t o  demonstrate t h e  temperature v a r i a t i o n s  wi th  energy d i s s i p a t e d  
at  t h e  weld, t h e  r a t i o  u n i t  ou tput  w a s  recorded and photographed a t  10 ,  15,  
20 and 25 W s  s e t t i n g  on t h e  power supply.  Resu l t s  of t h i s  experiment are 
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Material 0.017 Kovar - 0.0 
50 Percent  Duty Cycle Zero 
Feedback Loop Closed 
250 Hz 
10 Watt Seconds 
0 t o  0.020 N i  
Po in t  
2 3 4 
S e t  Po in t  i n  Vo l t s  
5 
F igure  18, Closed Loop Data 
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Upper Trace - Electrode Voltage 
Lower Trace - C o n t r o l l e r  Output 
1 V e r t i c a l  Divis ion Equals 0.5 Vo l t s  
Set  Po in t  = 0 . 5 V  Se t  Po in t  = 1V 
S e t  Po in t  = 2V Se t  Po in t  = 3V 
Figure  19 .  Closed Loop Behavior 
Upper Trace - Sensor 1 
Lower Trace - Sensor 2 Ra t io  Unit  Output a t  10-15-20-25 Watt-sec 
F igure  20. Ra t io  Unit  Output 
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E .  DISCUSSION 
The f e a s i b i l i t y  of monitoring t h e  i n f r a r e d  r a d i a t i o n  from a weld and 
using t h i s  information t o  e f f e c t  c losed  loop c o n t r o l  a c t i o n  has  been c l e a r l y  
demonstrated. Fu r the r  t h e  concept of monitoring two d i s c r e e t  p o r t i o n s  of 
t he  spectrum of r a d i a t e d  energy and i n f e r r i n g  t h e  a c t u a l  temperature  of t h e  
weld has  a l s o  been proven f e a s i b l e .  The range of power supply s e t t i n g s  i n  
which i t  i s  p o s s i b l e  t o  produce a s a t i s f a c t o r y  weld has  been s i g n i f i c a n t l y  
extended using t h i s  technique.  
A s  wi th  any f e a s i b i l i t y  s tudy ,  t h e  end product  i s  not  a f i n i s h e d  device .  
There are areas of concern and areas which have y e t  t o  be probed. Among 
these  are: 
- 1 The c o n t r o l  a c t i o n  wi th  set p o i n t  should be improved. It i s  f e l t  
t h a t  several f a c t o r s  c o n t r i b u t e  t o  t h i s  state of a f f a i r s .  The power 
supply i s  n o t  a cons tan t  energy source .  So t h a t  even w i t h - c o n t r o l ,  
t h e  i n i t i a l  p a r t  of t h e  d ischarge  may be s u f f i c i e n t  t o  e s t a b l i s h  a 
weld. We have several ways out  of t h i s  dilema. We can b u i l d  t e m -  
p e r a t u r e  p r o f i l i n g  i n t o  t h e  system i n  an e f f o r t  t o  impose severe re- 
s t r i c t i o n s  on t h e  power supply during t h e  e a r l y  p o r t i o n  of t h e  weld 
cycle .  A l t e r n a t i v e l y  w e  can use  c o n t r o l  on t h e  supply i t s e l f  t o  
make i t  a cons tan t  energy source .  Under t h e s e  cond i t ions ,  i tbwould 
make sense  t o  use a s tandard  p u l s e  he igh t  and width and vary t h e  
rep-rate wi th  t h e  e r r o r  s i g n a l .  
- 2 Some s o r t  of alignment a i d  whether mechanical,  e lec t r ica l  o r  o p t i c a l  
should be included i n  t h e  sensor  subsystem. A cone, t h e  f o c a l  l eng th  
of t h e  l e n s ,  would seem t o  be t h e  s imples t  s o l u t i o n .  An alternative 
would be t o  use  a f i b r e  o p t i c s  probe t o  minimize p o s i t i o n  e r r o r s .  
This  would a l s o  a l leviate  e lectr ical  n o i s e  problems s i n c e  cabl ing  
from sensor  t o  c o n t r o l l e r  would be e l imina ted .  F ib re  o p t i c s  have 
t h e  disadvantage t h a t  they cu t -of f  energy t ransmiss ion  beyond 2 .8  pm. 
However t h e r e  should be s u f f i c i e n t  energy i n  t h i s  r eg ion  t o  e f f e c t  a 
temperature measurement. 
F. RECOMMENDATIONS 
A s  a r e s u l t  of t h e  work performed under t h e  p re sen t  c o n t r a c t  i t  i s  recom- 
Such an instrument  could remove from t h e  weld process:  
mended t h a t  a product ion device ,  u t i l i z i n g  t h e s e  techniques be  designed and 
f a b r i c a t e d .  
1 Power supply v a r i a t i o n s  - 
- 2 Component l ead  material v a r i a t i o n s  
- 3 P u l l  s t r e n g t h  v a r i a t i o n s  
- 4 Erro r  i n  ope ra to r  judgement. 
I n  a d d i t i o n ,  such a device  could b r ing  t o  t h e  microweld process  t h e  re- 
l i a b i l i t y  which i s  inhe ren t  i n  i t s  na tu re .  
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APPENDIX I 
DERIVATION OF DETECTOR EQUATIONS 




We assume t h a t  t h e  I R  device  w i l l  change i t s  r e s i s t a n c e  from R t o  R-AR when 
r a d i a t i o n  impinges of t h e  active area, So, 
E = i ( R  f R1> 
V = i R 1 =  R1 E 
R + R, 
R,E AR R" 
I i AR = BiAR - I R + R1 AV = 




R + . R 1  6 = br idge  f a c t o r  = 
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Now let the incident radiation be monochromatic and of frequency v e  
Some definitions 
h = PlanckBs constant 
q = quantum efficiency = that fraction of the quanta incident on the 
detector that produce observable photo electric effects 
n = number of effective quanta per area per unit time 
w = power and corresponds to some constant source intensity. 
Then, 
qw A is the active area, Ahv ’ n =  
If N and P are the total number of electrons and holes in the detector 
element then R varies as (bN + P)“’ where b is the mobility ratio. Since 
AN = AP in general, 
.--% dR b + l  
dN = (bN + P)2 
or 
(b + 1) AN AR 2 
(bN + P)2 
-= AR (b + 1) AN . 
R (bN -t- P) 
* *  
Bi R(b + 1) AN 
(bN + P) AV = $i AR = 
But AN is the change in the number of primary current carriers in the device, 
So we may say AN varies as I. The intensity or, 
AN = y I  (1-e = = t / T )  
BR(b + 1) 
Av = 1 (bN + P ) )  
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Equation (3)  p o i n t s  ou t  t h a t  t h e  s i g n a l  ou tput  from t h e  d e t e c t o r  (AV) varies 
wi th  source  i n t e n s i t y .  Equation ( 4 )  states t h a t  t h e  output  varies wi th  A ,  
t h e  wavelength e 
I f  t h e  r a d i a t i o n  i s  no t  monochromatic, w e  have f o r  t o t a l  power: 
m 




BR(b + 1 )  1 q(v)  wvdv 
9 = ( b N  + P) "i; v 
0 
1 t h e  above since h = -  . 
V 
Now i f  w e  cons ider  two such d e t e c t o r s  w i th  i d e a l  narrow bandpass f i l t e r s ,  
and r a t i o  t h e i r  ou tpu t s ,  w e  ge t :  
I U -= 
. m  
$R(b + 1 )  q (v) w2vdv 
b N  + P V 
0 




In t h e  limit as 6 -f 0 ,  t h e  above reduces t o  Equation (6). 
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APPENDIX I1 
DERIVATION OF CIRCUIT EQUATIONS 
Consider t h e  fo l lowing  p a r t  of t h e  sensor  subsystem (See F igure  2 ) .  A. 
To Controller 
For t h e  purpose of t h i s  d i scuss ion  w e  can neg lec t  t h e  22 meg r e s i s t o r  around 
t h e  741,  s i n c e  i t s  only func t ion  i s  t o  provide  a DC g a i n  l i m i t  and very high 




- 1 1 - - =  
10-l0s * 'F IX<10 v o l t s  cs 
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L e t  
T =  1 
T =  2 
s =  
so 
x =  
But 
3 100 I O  = low5 
Laplacian ope ra to r ,  
* 
- -  xs2 
s; 10 e - 
so 




1 * x+-- = -  
? I S  TIS '1 
* 
D .  x =  - -  
* * 
With SI = S2 = u n i t y  t h e  corner  frequency should be about 
f = 0.157 x lo5  = 15.7 KHz. 
However the  741 w i l l  r o l l  o f f  p r i o r  t o  t h a t  p o i n t .  
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B. Detector Impedance matching amplifier. 
Consider the following: 
+15v 
? 
2 . 2  mg 1 OOK c 1.0 pf 1 OK 
1M 
The 2N3278 is a p-channel junction FET used as a source follower. The 
junction FET and transistor Q2 used in cascade have an overall gain of slightly 
less than one. 




Io = I, 
I2 = I3 




z2 f z E2 3 
Ef - E 
Z 




-E = -(E, E f )  - Ef 
z1 0 
Z Z. 




f S u b s t i t u t e  f o r  E 
0 




Z, = 1 K  
zO 





1M = -  
z3 22 s+l 
E2 = E l  e 
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so 





LIMIT E - (g- $)El = 0. 
S-to 0 
At high frequency 
LIMIT 
= -1000 El  . 1M S + W E  = - - E  
0 1K 1 
Simplifying equation (1 1) we get 
-22s 
0.022 s+1 E =  0 






A ,  SOLID STATE WELD POWER SUPPLY 
DESCRIPTION AND MODIFICATIONS 
The weld power supply (See F igures  1 and 2 t h i s  appendix) c o n s i s t s  of two 
major assembl ies ;  t h e  power s e c t i o n  and t h e  c o n t r o l  s e c t i o n .  
t i o n  is  made up of a charge level selecter which i s  e s s e n t i a l l y  a v a r i a b l e  
t ransformer d r i v e n  by a s t e p  up t ransformer .  
l i n e .  A r e c t i f i e r  u n i t  which i s  made up of a f u l l  wave b r idge  r e c t i f i e r  and 
series SCR which i s  normally i n  a conducting s ta te ,  and t h e  energy s t o r a g e  
u n i t  w i th  t h e  a s s o c i a t e d  c i r c u i t s  t o  d ischarge  t h e  energy t o  t h e  weld t r a n s -  
former upon r e c e i p t  of a t r i g g e r  s i g n a l  from t h e  c o n t r o l  c i r c u i t r y .  
The power sec- 
Th i s  i s  connected t o  t h e  115VAC 
The c o n t r o l  s e c t i o n  i s  made up of t h r e e  t i m e  de l ays  and t h e  t r i g g e r  c i r -  
c u i t  f o r  SCR 2. 
e r a t o r s  f o o t  switch.  
rate and i s  of s u f f i c i e n t  l eng th  t o  a l low complete d i scha rge  and recharge  of 
t h e  energy s t o r a g e  bank be fo re  a second weld can be attempted. 
delay p reven t s  recharge  of t h e  energy bank u n t i l  i t  i s  completely discharged.  
This  i s  accomplished by removing t h e  g a t e  s i g n a l  from t h e  SCR i n  t h e  rect i -  
f i e r f i e r  and series c o n t r o l  u n i t  (SCRI) .  The t h i r d  t i m e r  de l ays  t h e  t r i g g e r  
t o  SCR2 f o r  a minimum t i m e  base  of one-half cyc le  of l i n e  frequency.  This  
i s  i n  o rde r  t o  ensure  t h a t  SCRl has  ceased t o  conduct be fo re  SCR2 i s  ga ted  
i n t o  conduction. 
The t i m e  de lays  are s t a r t e d  by a weld s i g n a l  from t h e  op- 


















7" a rl 
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The f i r s t  two t i m e  de l ays  are a d j u s t a b l e  bu t  i t  w a s  necessary  t o  increase 
t h e  t i m e s  beyond t h e i r  range by doubling t h e  s i z e  of the t iming  c a p a c i t o r s  
(C3 and C4). 
weld cu r ren t  p u l s e  i n  o rde r  t o  exercise b e t t e r  c o n t r o l .  The t h i r d  t i m e  de- 
l a y  i s  f i x e d  and no change i n  i t  w a s  necessary .  
This w a s  necessary  because w e  have purposely lengthened t h e  
The o t h e r  mod i f i ca t ions  t o  t h e  weld power supply inc luded  i n s e r t i o n  of 
r e s i s t a n c e  i n  t h e  anode of SCR2. I ts  e x i s t i n g  t r i g g e r  c i ' r cu i t  w a s  disconnected. 
SCR2 i s  now d r iven  by t h e  outboard c o n t r o l  c i r c u i t r y .  
B ,  FEEDBACK TRIGGER AND MODULATOR 
The b a s i c  ope ra t ion  of t h e  modulator i s  as follows: 
Q l O l  (See F igure  3 t h i s  appendix) i s  a f r e e  running o s c i l l a t o r ,  t h e  f r e -  
Pu l ses  developed a c r o s s  quency of which i s  a d j u s t a b l e  from 150 Hz t o  2K Hz. 
t h e  base  1 r e s i s t o r  are coupled t o  s i g n a l  cond i t ion ing  t r a n s i s t o r  4102. These 
pu l ses  appear a t  t h e  c o l l e c t o r  as f a s t  going square  waves and are d i r e c t l y  
coupled t o  I C 1 ,  a J K  F l ip-Flop .  Without t h e  i n h i b i t  s i g n a l  a t  p i n  13 t h e  
f l i p - f l o p  would ope ra t e  as a r i p p l e  counter  producing a l t e r n a t e  square  waves 
a t  t h e  two ou tpu t s ,  t h e  p u l s e  ra te  a t  e i t h e r  ou tput  be ing  one-half t h e  f r e -  
quency of QlOl. This a c t i o n  i s  prevented, however, by t h e  grounded i n p u t  a t  
p i n  12 and under qu ie scen t  cond i t ions  p i n  4 of t h e  FF i s  i n  a low state and 
p i n  9 i s  high. These s i g n a l s  are i n v e r t e d  by a m p l i f i e r s  4103 and 4104 and 
emitter fo l lower  QllO prevents  c u r r e n t  flow t o  Q l l l .  
4113 and 4114 make up a conventional monostable m u l t i v i b r a t o r ,  o r  one 
s h o t ,  t h e  t i m e  base of which i s  a d j u s t a b l e  by R102, The oneshot i s  t r i g g e r e d  
by a negat ive  going s i g n a l  from t h e  weld power supply. 
by Ql l5  which i n  t u r n  c o n t r o l s  t h e  a c t i o n  of t h e  f l i p - f l o p .  
The output  i s  i n v e r t e d  
Ql l2  i s  a keyed o s c i l l a t o r  t h a t  i s  ad jus t ed  by R105 t o  o p e r a t e  a t  a f r e -  
quency t w i c e  t h a t  of QlOl f o r  a 50 pe rcen t  weld duty  cyc le .  It i s  only  allowed 
t o  ope ra t e  when c u r r e n t  i s  supp l i ed  by QllO and Q l l l  t o  t h e  charge c a p a c i t o r  
connected t o  the emitter. This  c a p a c i t o r  i s  i n i t i a l l y  charged t o  a level 
s l i g h t l y  below t h e  f i r i n g  p o t e n t i a l  of 4112 by v o l t a g e  d i v i d e r  R103 and R104. 
This a s su res  t h a t  t h e  t i m e  d u r a t i o n  between p u l s e s  developed ac ross  t h e  Base 
1 r e s i s t o r  are n o t  e f f e c t e d  by base two t o  emitter leakage of 4112. The o u t -  
pu t  s i g n a l  from t h i s  o s c i l l a t o r  i s  a l s o  f e d  t o  t h e  i n p u t  of t h e  f l i p - f l o p ,  
Q l l l  acts as a v a r i a b l e  r e s i s t o r  i n  series wi th  t h e  charge c a p a c i t o r ,  This  
r e s i s t a n c e  varies wi th  t h e  e r r o r  s i g n a l  from t h e  c o n t r o l l e r .  
When t h e  ope ra to r  i n i t i a t e s  a weld s i g n a l  a nega t ive  going p u l s e  i s  gen- 
e r a t e d  by Q9 i n  t h e  weld power supply. Th i s  s i g n a l  t r i g g e r s  t h e  one s h o t  
made up of 4113 and Q114. This allows t h e  f l i p  f l o p  t o  o p e r a t e  throughout t h e  
t i m e  d u r a t i o n  of t h e  one s h o t .  When t h e  f l i p  f l o p  changes states SCR2 i n  t h e  
weld power supply f i r e s  as a r e s u l t  of a s i g n a l  through 4104, 4107 and 4108. 
The conduction of SCR2 a l lows  c u r r e n t  t o  flow i n  t h e  primary of t h e  weld trans- 
former and C1 charges t o  t h e  level of t h e  energy bank. This charge i s  h e l d  
by t h e  reverse diodes ac ross  SCR 101. A t  t h e  t i m e  t h e  f l i p  f l o p  changed 




All Capacitors i n  Microfarads 
Except as Otherwise Noted 
Symbol HRW-SO HRW-100 HHW-250 
C-Energy 600mfd 1200mfd 3000rnfd 
R2 7 6 ohm 6 ohm 1 ohm 
R3 1 20K ZOK 1 OK 
R28 374K 374K 332K 
F1 2A S.BLO 3A S. BLO SA S. BLO 
F2 3A S.BLO S A  C. B. 8A C.B. 
F3  1 AMP 3 AG 
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capac i to r  a t  t h e  emitter of 4112 v i a  t h e  s e r i e s  t r a n s i s t o r  4111. T r a n s i s t o r  
4112 f i r e s  a t  some later t i m e  determined by t h e  s i g n a l  a t  t h e  base  of 4111. 
The f i r i n g  of 4112 causes  t h e  f l i p  f l o p  t o  r e v e r t  t o  i t s  o r i g i n a l  s ta te  and 
SCR 101 i s  ga ted  i n t o  conduction as a r e s u l t  of t h e  s i g n a l  through 4103, Ql05 
and 4106. The conduction of SCR 101 r e v e r s e  b i a s e s  SCR2 i n  t h e  weld power 
supply and i t  switches t o  a non conducting state. SCR 101 ceases t o  conduct 
when t h e  charge on C 1  i s  deple ted .  
termined by t h e  t i m e  base of 4113 and 4114, with  QlOl t u rn ing  t h e  weld supply 
on a t  a f i x e d  rate and 4112 t u rn ing  it off  a t  a t i m e  determined by t h e  t i m e  
cons tan t  of Qlll and t h e  charge capac i to r .  Since t h e  r e s i s t a n c e  of Qlll i s  
va r i ed  by t h e  s i g n a l  a t  i t s  base t h e  duty cyc le  of t h e  weld power supply may 
be v a r i e d  from 10 t o  90 percent  by t h e  e r r o r  s i g n a l .  
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